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(57) Abstract: A stacked photoelectric converter comprising a plu- 
rality of stacked photoelectric conversion units (3;5) each including 
one conductivity type layer (31;51), a photoelectric converting layer 
(32;52) of substantially intrinsic semiconductor, and a reverse conduc- 
tivity type layer (33;53) that are formed on a substrate (1) sequentially 
from the light incident side. At least one of the reverse conductivity 
type layer (33) in the front photoelectric conversion unit (3) arranged 
relatively on the light incident side and the one conductivity type layer 
(5 1) in the rear photoelectric conversion unit (5) arranged contiguously 
to the front photoelectric conversion unit (3) includes a silicon com- 
posite layer (4). The silicon composite layer (4) has a thickness of 
20-130 nm and an oxygen concentration of 25-60 atm% and a sili- 
con-rich phase is included in an amorphous alloy phase of silicon and 
oxygen. 
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Rm^^^xmmm^m^mmm^mtimm^mM^^^xoK^v^ 

-r*Lkto^ni5#flg) 0 
[0053] ^v^m^m<Dmmmmt, ^<Dm\^mmmmm. Y—vyy^mm (p*fc 

Mtthimmm\^m^ir^mmmmhi&rir^(Dx\^v^>m^-m<Dmmm 

[0054] n%l(Di/})=t>m&m<Dm&te. \?-K°>y^m.MtlsX(DPmm$:5 X 10 19 cm~ 3 £Jl 
±2x lo^cm~ 3 ^T^$~£3W;£U/\ p^^y^^;! <£>#-^fci\ K 

[0055] ^v^M&m ^<D^])=x^^ B n<Dpi^-(Dm^mtL-x, y^mzixmfe 
L.fd#^«^y=i^^OTo^— Kt°— ^i^*j-i-s^^>-y=i^^To^— Ktr 

^^oT^y^>-^a(DBt^«^^^pt-§^,fc o -^^it^^t<^^jg^ 
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[0056] mm??? iz^Xs i/y^m&m&mtmffimz&^xhm&mnmmtb 

[0057] ^mmKx^>v^m^m^\,^xi-t, mm^iz^^yv^jy^m^m 
*<Dmmm&&&m*%j£Lx\ ^^i^o-e, mmmm&n$>xmffim& 
2. 5&TtzTifxhmmxfa<Di%mn^&m<i%^z.btfx%z> 0 w^o-t. ^<z> 

2 4 

mx%z>(Dx\ mm^K^^xmifr^mM^mt^^t^Kx^x, x 
[0058] mmm^mmmmm^mmm^^mmm^mu-r^ti^^znocDx^j: 
#^^-e&5 0 — znot&Mim^v^tifrfeife&n^v^kfDRmx*—* 

y^>^b^^ir^tnmMXtj:^t^htiX^^ 0 ZnO£ P M#iH 

n^y^*tcfepm&M i n^v=i>b<D%-mx^ ^y?^>z?wi&j$&ti\z.< 

aWaSf^ya^fcitj^HS^ 
[0059] ^y^^^«<DJ¥$^[^i^y=i^^^^Lfcm^S&^#^^t 

mig^fifTiiiyy^^m^O^^^lpI^^^^^ H2OTEMBf^» 
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m^mm^mw(Dm.mmi<DmM^nux^b^x.hfih 0 
[0060] m6<D?77i^ i/y=*^m&m ^mlt> ^SEetcsjtw-rs*^^ (e) tm 

k<nvm&&l>X\^Z 0 ^^^fcijsvvr, ««c©ftHad^gW:, Mfc 
[0061] 136^77 iCfcVvC, ^y^^C^Ji^^MP-ry^OJUiPHl^JfcoT, 

[0062] H7©^97tt, v-y^^m-^StcMbT, ^^:600nm<Z)3fe©®^^^^5/ 

^tffetth^ ^v^m&mK£&Mm£:i>mm-fz><Dx\ mmmftm^&m 
[0063] ^^m^±ic3oormi^±(Dm^(D^v^>m^m^mm^tcm^a^ ^<d 
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*>&&m<ommftm*5Lm'zimbLx, xm^tm^^ (xps) mm&n 

[0064] m8K jsv nt, i/v=*>m&m(DMffl%rm<Dmmti,x, ois<Ds<>h*mmmuk 

E^3b&j^b\z-rz)&**>htiito xm^tm^^tm^ xps^^esca^ 
m&^ti^o xM*mnizmxxm±i,fcftmftmiFfe. m£u^<D^,^£. 
&frTizm&mzmMi,xtfiMi5ftz>i><Dt, m^x^/^zm&isXfabMQ 

it^X, ^^>m^n20eVU&X±^^<DX\ ^(Dit^ftM-t^bftX^ 

%<> ^>vmm^m^^^^w^m(DmM^MM^x^—^y4>b(D^ 

&&±iffi^*/l'3cbU 01st°—?^/l'^b(DmftEx.psblsX$i#)btlti 0 m8<D 
mXit, Expsf*3. 4eVX&Z> 0 XPSJS, 10nm^T<^V«;ioVNTt>$!j^Rrfg 

x&z> 0 ^>^<^xm<Dmm^^m^xpsmi^nx.ii. mnmz 
lonm^rofiv ^m^mmmytm^mmm^^BM^m tov vr, Ex PS «!j^-t- 

%Z.bftX%Z> 0 

[0065] 09<Z>^9:7fcJ\ ^y^^-^SJ-Mb-C, St*600nmO3fe(Deiff^i:ExpsOM 
£2. 2*?^-r5fc#>{a3\Expstr2. 2eV^±^i-tV^«tV>ri:^^^o £fc, 

m&2. 23<mx&z>zbi)m*v\,^bn?iz>o 
[0066] itff^j;^ $£M(DTcotpm£iMm$:m\<^iB&, mmm^m^mmm^m 
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\<^m.x2bz>z.b&>&mxbotz 0 u$>u ^v^m&mi*. J^®^cwfe^|p]^'^gv^ 
[0067] ^v^>m^m(Dmmmm7incoK^xmm^hiomi&<xh^m^-^y 

[0068] ^v^M-&m<Dft&L,\,^m<nmMi&mbvx, ^v^vy^m^yv^^m 

[0069] fc*5 % ^ra&mK&tts r^sc j o/Bi&tes ^ t f B ^&^ii^fc5#t«i£;t 

^<x^n^v^>^^m^c^^xh^<D^v^m^m^mRMmtv 
x#mzM<M&&&z^b&mw%-tbtemmvx^z> 0 ^(DXo^yv^m^-m^ 

bL-X#mz.m%mz>m&bVXI^ ^T©.t5^f;v(l)-(4) &m*-btLZ>o 
[0070] (Di/y^^lS-^Stf i£fcte4&^1ig#{£^g(7>^ 

[0071] (2) v-y^^ji fo^nyy^gis^LT, ft W$^£;fx 
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#StelO~ 5 S/cm— 10" 2 S/cm(D«V W&fcT. 
[0072] (3)«ffi4B3ftS^c*t-Sitt|»©«t»T?tt, VyaS4K#Jl*tettia©ttr«teW& 

[oo73] *>?fe^.^, ^y=>-yy^^^LT^s®^y=«^^tp#^}i, 7-?>m%L<Dm 

[0074] miofi, *&m<D-nMj&miz£zmmMytn&mmm<Dmmm*m^mz?F 
x 3twmss2, ^-o3fem^m^-^h3^LT^)#^M^y^^7fe*^M5/h 

, mioi£&^x—mmm<Di/y=i*sm&m4^ m—^tmmm^^yb3tmr.^tm 

[0075] jgWSIRH/rtt, ^^^(^^BJTO^/v^^^ffl V 

[0076] &BH£«Jg 2£LTte x g&fttg (SnO ) , ^VV&mkftM (ITO) , (Zn 
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2 

|U]|fli^^$^TV ^rir^»W*b< % ^(Dfc#>^200— 900nmW^*£g(£>^ 

[0077] ^4b\ miox*m&<Dftnm&^~vb*m*tix^z>i!>K Vk&£ti&&\z3gtsk 

[oo78] %.wm&=L~vbte, -mmrnrn. mmmKM&^mfcomytwm&m. &&t$ 
MMizmm&mm£tv5<Dx\ mio<Dmmxn-&miz— mnmm3u 5i« P 

IStfcot, iS*3IS3!S33, 53finSUg-C*>5 0 M®32, 52tt3fcSr!RitZbT3fc 
«3g*Se^i:L-C>k»3fe©^iftS*(400— 1200nm) teRiDagr^rf-S^tfS 
[0079] 01O^^(t^M^om-3fe*^m^^h3^LT#^a^y3^Jj^3tS^m^- 

bK&mnm&fe^m®m*x&z>7$viz<'&o. oim*%&L±} f —7'£tiitpm& 
M&{£$'Va>m3u y£mm&mbtez>mj¥M>m>'V='^m32, &£Tfmmm&: 
fe^ffi,mm*x&z>v>tfo. oim^%w_hK— ^titznmw^^>v^>m33^ 

b-c #^®^y=v, «fci$s^y=»^, ttteW&Mi/v^^b^F&m^xhx 

\\ *fc, nMJgtbT, #&«i/y=^£/BVvOb£l\, ft**, ^ftSKpS^fctenM 
)S©i?$«3nm^Jil00nm^T^fe^31tW*b<,5nm^±50nm^T-efe 
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[0080] *mm<D— ^<Dmmte&wc?&z^v='Z'm&m4te, : tz.\z$muz.%<D—n i k 
[0081] hi ivy?? K^xit, ^y^>m.&M4<Dm&b^<Dmmm\^ttz>=f L; m&3% 

[0082] |ff^m^m^-=^h3, ^y=3>-1g-^«4, te£Xr&jj%;n^&^yh5\Z^ 
[0083] ^©J;5^«^3te«^*SBti:a[fflb^y3>^^S4©«^J¥$tt. 

c-SiO) ^(DmiM<D0^ B m^])^m (a-Si) SSitfij&JISC^y^ig (poly-Si) 
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coo84] mmmftnm&mwpfDisv^m&mvmmmm. pwkst^tnsm&tm^ 
>^t^mm^^ir^tKx^xm^mm(Dm^mit^m^s sims ( - 
[oo85] ^^(c:, ^si^m^^e^^^y^^^oJB^f*, ^ov^^g^s 

i-5ifc^"5rie-e*)S 0 Hll4<D^y« x 60nm£fcfct30nm<7)ff£<DMJ=*>' ; {i'a'JI 

[0086] m io<Dmmmytm^mmm^.^ ->y = 4 _h ^ jg^m^^-^y 

[0087] <*e>}^ Mf B fli/yayi52^ti5^it<z)#<[^ *©ilii!fc«»*MDfc 
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(400-1200nm) \zm&&ttZZb#&ti'LAiVD^ m^M^V^m^X. 
X. ^Wtfc5*if^3^;w^^ (fc£fcii301i§(^%mT©y/w=L 

[0088] bZZX^ ^M^V^^m^^^b5^<Dpm^M^V^>m51<Dm^i-t3 

[0089] ^®S^IS6tb-C^, Al, Ag, Au, Clu Pt$o£XfCr<D'J?f£<kbl< ^-ftlfr&iStt 
fc, ftn&&=^?yh5b4kmW&6k<Dm^ ITO, SnO , ZnO&^OTCOJB (El 

2 

[0090] fc£&fc£, ^©11^6^ lOnm^klSOnm^Jf^tDZnOJ^^ 30nm^£>500n 
m cD^^(D^j^i:^(DjilM^^L.^jiJ^^-r^^^^W*bV \ ZnOiH^lOnm 

Ki50nmx^^m^znom^i^(Dyt^m^^<^x^m^mm(D^ 
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[0091] aio^j-ettswstRi^ffivN^nfc^, ^mmmm±i^ mmmmm. 

[0092] ^TtCfclvT, &3&mffiK£ZI£mMb*&Wfc£ZmMMktimW£tlZo 

[oo93] st, 2WL<Dmmm%Mm.wmm^\^x. ^^mm^^^mmu 2, *5j;tj? 

^®»f*lcm 2 -t?fc«9, AMI. 5<D^^rlOOmW/ / cm 2 (D3fe*T^*fL-C25 < C^ 

mm\(D^fih(Dmx-mmt^tmm^x^fLX\^ 0 

[0094] [*cl] 
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[0095] (Jttfcfcll) 

1. lmmtl27mm^©^7^StlJ:(u, IM^fct^y W^ifiBfliOj^^ 

^^w«M2©5^-h®jtttjie9Q/n-e*>ofco ^cc^M-eS'j^bfc^x 

^ttl2%T*&9> ^tSIHJao¥^^lld^lOOnm-t?fcoyho £<&393««yi2 
0. 3 iU m<DiM^^ H ^y= 1 >'S32, &£T?m£30nm(DnmW&M*i'})=i^m33$: 

$90nm(OAlK— ^tvfcZnOJ^tff$300nm(DAgJ^^W^^^&^TjtR^:^$ 
[0096] (Jt«E^2) 

K^£tltz.tt,&ffl2<Dmffi*. mi5y<Dnmmg£kisV=*^m33&m£30rmi<Dn 

m<D^m^t^v^>m39x*m^^htix\/^t<D^^xiti^Mi<Dm 
nm&*-~vHz$iix\,^z.b&&^ mm<Dftftm2<Dmmzmuutmm$:*r 

LTV^o nM#S®S^b^y3>-®39<D^M^#^*3V>T, ^S£*ttSiH /C 

4 

O /PH /H =5/2. 5/0. 1/lOOsccm, «2SM»afettl3. 56MHz. ^17— 
^g«20mW/cin 2 , JE^telOOPa, -£LT^KaSte200 < C-T?&ofCo ^$tb 

, ^bTBt^m^^l. 2X10" 6 S/cmtfeoto 
[0097] *l*»6>t>*>SJ;5J!: % Jt^j2«lt^Jl^f5^|^C#te^L, Jsc©iiin*fctt 
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[oo98] mnmi) 

rnmmitvx, mio^m^tix^x^mmmtftmmmmm^m^titz. r. 
<Dm&mi<omm&. ffi*ftnm^~vb3m&ytnwzm^~vh5<Dmiz.m£3 

[0099] t&SsVa>&&M4<DJitmaktir\Z:&\i vT, tf^SfcftfctSiH /CO /PH /H = 5 

4 2 3 2 

/10/0. 1/lOOOsccm, «agMjRifef*13. 56MH Z> ^!7— «100mW/c 

S4tC*5V^ Sfe3t*&a*42JD§(^ 0 /cK Jt¥*c^yZf&2. 37eV, XPST^J^bfcEx 
ps^3. 5eV, ^ft600nm<^3fet-B|-r<5®^^2. 0, ^^milXm^L-fc^ 

[oioo] mifrbfrfrz&fc, mmfflixteitmffliteft^x^FF&feTL.x^ztKjs 

o^3fe^S«»6%it*Dbr^9,iyy=i^-a-g4-e3femSL^fc^i:^<i;oT 
[oioi] (Hi£#i2) 

^m^^tKx^x^mRMmtnmm^mmvtc^t(D^K^^xmio^m^ 
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[0102] mifrbt>i>*z£5iz, ^mmm2{z^\^xitmmmitit^<xh^hizjsc^m^ 
%mmnm&>MML.x\^ 0 m^ytm^m^-^yh3(Drmm^>v^m^ 

te^xm.fcvx*m<>tctctbb^x.tbtiz>o tctci^ it^tmiteXTfrnrnmuat^x 
, mi&ffl2XfeFFt)mTLx#><9, m^m^v^m32tiyv^>m^-m4t(D^ 

Msxmfe^tcv^mmtmmmm<Dftmzmvx\,^ 0 -r^t?^ ^o^coiis 
Km £jrfa<D$m ( M m ) &mu tE^mmtm+mm. (cm -3 ) ^l-c^o^ 
m*siMs<Dw^tdo(DW^ymc/s)*mL.x^z> 0 mmmm6\tmm^x^^ 

3<Dy*77K^£tLX\,^£?^ m^\^Kmu^m:xv>bmm^mm^°— 

[0104] m34<Dy*77tt.^ HH7^M«it^#-r^3fe«^^^<^i¥$^rp]^^oTXP 

^i^ij^f^d^or^^^N^^^y^b^^^xps^m^s^^^[^(ff^f^ 

) izfeoxmfeztitc* m 34(0^-7 K^£tvx\,^£?iz. s mmmmzmmt£t°— 
y-&m.tix&v. ^y^m.&m&&&L-x\,^z.b&t>faz>o ^.(D^^^mm 

&&m<Dti&m50nm%i%m.L-X^ (15MT-%) X (I10nm/50nm) =33t£<DX\ X 

pswi^titc^v^m^m(Dmmmm^33m^%xh^b^t>7!)^ 0 
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[0105] (mmw3) 

(Dmmw3<Dmmte. m^mm^^yh3(Dnmm7!)K m-nmmxhzm£30n 
m<Dnm^y=i>m&m34b, mr.nmmx^m^5nm(Dtmw^^yv^m35 
^Mvx^^nx\^^^t(Dm^^^xmi7{z^thtcmmm2<Dmw:tmti: 
oTi^ 0 hh^Ay, *mmm3K&tfz>nmi<'V =*>m&m34h. mmmi&x^ 
i^^nm^])^m^m4tmc^yx^cvD^xm.m^nx^^ 0 

[0106] mifrbt>faZ>£?i^ ^MMM3izm^Xi'imMm2iat-<X J ^ J ^Jsc7im / PVX 
v^s, FF^[^_hbTEff^|B]±L-CV^ 0 £fc, *mMM3iz$>tfZ>mlr%im^®: 
^^h^^^m^«ll»J2^it^T^i£V>^ % y : ^ji4 3 j : ^^Jl 

Kit-<xm<^x^ 0 rtLtt, nm^v^m^m34tpm^^>v^m5it 

^LTFF«#Ufc^ib^&5£#;tk;fr5„ fc*3, ^Hig^|3(C^V>T#A$tt^ 
[0107] mMM4) 

mmm4tvx. mim^tix\,^£?tmmmftmmmmm$i¥Wk£titc 0 r 
o^ig^i4(D^g^, mxftm^&^~vh3<Dnmmfcm-nmmxhzm£ion 
m<Dnmw^^))^m36tmr.nmmxh^m^60nm<Dnm->v^m^m37t 
mE.nmmxh^m^5Tmi(Dnm^^])^>m38^mm^x^m^fhx^^t 
<Dwz.io\,^xmi7 K^titcmmm 2(Dmmtm^x\^ ^ 0 

[0108] m^^SJ:?^ *ll^j4tC*3V^T«|life^|3{Cit-<T^Jsc^/^b-c 
V^S N FF^f^_hL-CEff^(6]_hUTV^o iM#iHi®^y^S32£n»'y 

=i >m&m 37t(DM Knm$m& ^y =^>m 36&# Avt^t .i/n#® 

«S^^LTFF/5S||^j3(Clt^T^$e>^^#b^^T^6^#X.e>tt^ 0 
«S«tj4^:J3Vv03\ nMv-y^^^37^|^<nMmM^^y=^®36^ 

<Dnmw^^v^m33(Dm^30nmx^m^^<Dx\ ^m^i&mvxjsc^m 
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[0109] mmms) 

2 4 

mu<Dfrytmmnffi<Dntti&&mLx\ ^ Q 
[ono] m2oizm£tix^z>£5^ Mjjytm&m^--vh3<Dft%im&nmte, v-y^n 
&m4<Dm$T^<Dffi'piz.kbt£oxmi)\\u mmwmi. s^/i^tM^m^-t 

b3Miz5CM£ti%ft&mtovxftftmmmmtmtoirz>7bK m$t^&mi. sxy/b 

o 

[oin] &xtfcmm&*.~vb5<Dft3tffi&mffin, ^^m.^m^mtsx^m^t 

^m&m4<Dmmm&mim-rz<Dx\ ^%nM^=L^yv^n^r^tmx. 
x%:<DmmtimMirz> 0 ^y^^m4<Dmttmm2&0'bi5<t£ti\*^ m^ytm 

u^zmmAmux%te<te^x^<Dmm7!)m'j?-fz>o 
[oii2] m20fabt>faz>£?i^ mXftmm^~vb3b&%ftm&&*-~vb5&m&is 

<Dm$xWi. 7sx±2. s&miz&^x, it%t@ii<DW&Ktt:^x*m-mm5K%i 

^^x^mmm5iziommmm^tmmmmm(D^<D^ytmmmm^io 
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[0113] 2&mmmytmm&mm<?>5ib"?. ^ytmmm^^yhi^m-mmm 

mnmK mi^tibx^tix^^ 
[0114] mz] 

















Voc 


Jsc 


FF 


Eff 








1.00 


1.00 


1.00 


1.00 


9mm & 






1.00 


1.09 


0.96 


1.04 








1.00 


1.20 


0. 93 


1.11 ! 








0. 99 


1.17 


0. 97 


1.12 


mmw9 






0. 99 


1.14 


0. 98 


1.12 



[0115] mmme) 

mmm6\z:^xn. m2uz^fix\,^xo^mmm^tmmmmm^i¥m^fi 

^&&m s laxmz&x-tcz. t<Dfy tcfev ^iai5 iz^titcitmm i vmrntm 

[0116] pMv^y=>-^S51a(D^XVCVD^#^*5V^, ^SfcAJfcteSiH /CO 

4 2 

/BH/H =1/2/0. 0025/500, «8BJSSE&H:13. 56MH Z> ^T7-J®Stt 
lOOmW/cm 2 , BE^J«800Pa, S^|&I(j:200t;tfeofc 0 #«b;Jxfcp^>y3V 
^g51a^*3V^T, MtefcMEtf^SHC^, $t;K600nm<D5fcl-M«jg#f^2 
. 45, 7^St$L^S!l^byt#^®vy=«^^OTO^E— Kfc°— ?iz.*trz>1&M i i/y 
^&ft<DTO*t—}?K°--?<D&mit-t)n. 2, ^L-C9f^m^^2X10" 5 S/cmT^ 

[0117] m2^£tiX^Z>£?i^ MmM6iZ^Xhit^mUZit-<XJsc^mML-XKH 
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[0118] (^»J7) 

=>1S^«33a-C«#ife^., ^^o^^«^m^-^h5(DpS^^I¥$30nm£DpM 
3 >^Jg 5 la^^i&tfcrfctf)* £1*3 v ^TEI 1 5 fc**§*bfc Jt«E0H 1 <«g£ 
*fcorv>« 0 &3b\ nM^y=^^33a«, ^WJlfe«tU?2(DnM^y='^^ 

[0119] ^2^£*VCV^J;5^ 3lJfe097te::}3lvCi2, Jt^Jl(CJt-<TJsc^^:i| l s^ 

&t>frZ> 0 ^IfttLTft, n^>y=>1g^JS33a£p^y:a>1g^Jg51a£<BJ¥ 

#*.e>*t5o ^fc, ^3fem^l^=yh3©nMS43J:r5«^3te«^ift^-yh5©p 

u*^±mtei&n£frx^zh<Dbm£btiZo t-tzu it^i^Jt^T, mm 
7K^xFFtmrvxm.m0^m^v^>m32^>v^m^m33a^m^ 

[0120] mmms) 

m&msias^x^ m23iz^£tix\,^£5%mmmftn&8mm*4¥m£ti 
tzo zommmaommiz. m^m^m^yh3(Dvimm33t^xm^iormi(Dn 

M^^^y=^33b^$30nmOnSiixy=i^^®33a^<DjlH^5a*UT^ 

j&u £bic&xftmm&^^yY5<Dpmm5ibvxm&30nm<Dpm^v^>'M& 
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[0121] m2\zjF%fix\t^2&\^ %mmsK^x^%mm7\z\t^<xF¥i^^m^fix 

^m^m5iaxm^m^v^m52^m(Dmmnmm^^pm^^v^ 
m5ib&m&^tfc£^xiim£titc^biz£%bmtttLZ> 0 m*. ^mmms^ 

V vCtt, nSHRJ^S^y =^JB 33b*5 XTfipmmg&isV = ^Ji 51b t£*5ft53fc^lfcn 
[0122] (HJ6099) 

fc„ z.<Dmmm9<Dmm*, MXftmm&^-?h3<Dnw.m33bvxm£30nm<Dn 

Miy})^>^m33abm^l0nm<DnmW^^V^m33c^(DmKmm^XM 
J&U ^iZ.^^m^^^yb5(Dpmm51bVXm^5nm(DpmW^^V^ 
M51 cbm^OnnKDpm^V^m&m 51a^(Omi^m UTV ^Z.b<DWZ$o\ > 
Tia23^$*VfcllJS^8cOig@^M^oTV >5 C 

[0123] ^2^$ttxv^j;5^ x mrnm9K^^xitmmm8izit^<x^hiz.FFitmw 
<Ditmmibmm^nmm^^v^>m33cypm^^>v^m5ic(Dm^ 

[0124] (HJfiWlO) 

mmmio\z.^x\^ mmm2\z.mm^x, mn^-r^mmm^mmmm 
b<Dfriz&\,^xmnm2<Dmmbmte'ox\,^ 0 *mmmio<Dmm<Dm 

[0125] ftfrWfctt, *nMMlOK&lf%nmisV^m&m4<D7*7^CVn&WbL.X 
, ^ittJIJtdSSiH /CO /PH /H =1/3/0. 02/100. WftM&8fcfrlZ. 

4 2 3 2 
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56MHz, *<17— ^S/^100mW/cm\ H^lOOPa, *VXmmM&&200X: 
lz&M£ti1t> ^MMMiox^ ttmM2<Dm&tmt£oX^ SiH m*hT5H 

4 2 

Jb^^yZfftZ. 42eV, XPS-T?a'J^LfcExps«3. 6eV, Bff3>«a|Rttl. 
2X10" 12 S/cm, ^LT600nm<^{£|I§1-;5®#f^tel. 95T*fc^ TCOJUCIE 

-^ZMir^^})^m^Mir^TO^^\i 0 —^(D^mit (Ic/Ia) teOT*;fc 

[oi26] ^a^^v^.it^i^^^jio^ss^S^m^m^^^^^it^j; 
^^y=^^^*/«cv^^/y3^^t:#r5^(^:fev^Tt,«:tfe^Jl^^ 

-<TJsc^^pbTEff^^j_hL#6„ JfctfcfcllfCjfc^T, ^IJESfc-WlO-ettaS 
V\/t 0 i/y=^^®4^«f IWSItJifcl/CMttBU ^-ftf^lfe^ 

^— 5fe«^^^5/h3©nM®^KS<Di*bV^^y3>^M4^m^t?o 

^4#®*fci^>y=>^^e4/pMm^^^y=^51|?.ffi^*5V »fe}g*nL 
[0127] [&3] 
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Voc 


Jsc 


FF 


Eff 


It 15091 




1.00 


1.00 


1.00 


1.00 


3**0910 




0.99 


1. 16 


0. 95 


1.09 



[0128] mmmii) 

xm^U^^^<^X^V^m^m4<Dmm*mm^X^lym^l^^ 

[0 129] v-y=3 >M-&m<Dm£ #^;ft^;fr50nm£300nmT-fc£||;!i#!l 1 1 b03$ffl lXfe. 

g|35 fCjol ^XT^;V7 7 ^])^^\z.^^<D&\ VTO^r— Kfc°— PtimUSOc 

m'Hm^^^xmm^ti. ^m^m^i^^n^^t^mx^x^^ m^. w 

^M&MomZtn „ mXh%^ffl2Xn^ IIl35<D^:7};i;fev^520cm~ 1 ttjfi 

[0130] m35K^fhx\^xoi^iyv^m^m^m<irnim^m^mm^^^b^ 

^ft5, ^ife^9llt##^!|10^y=i^^g^oV^{*.Xi^lHlJff*5 

[0131] is»ji i [zit-<xykm^mtdn^^x^v =t>m&m&mmistcm&. *m 

%tmtd rt&50~ 1 20-C^b£-£fc£# fc % 7km%t%im70£X±XJsctftt®tM 1 fcJt 
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^L-^-rv ^wmK^h^xmmtsntz.^v^m.&mxtb^x^ mmm^tnmm 

[0132] mmmi2) 

m25<Dm^mmm^^^x, mmmi2izx^3^<Dmm^iytm^mm^ 

(Dmm^m^fix^^^t^mm^mio^mmmi^m^tmmi^m^ritc. 

m25^<Dim S <Dftm^^^yh3a<Dm#£kn^V^m32a<Dm£fel00nm 
X3b<0, 2^S03fe«^«^h5a(DiM^«^y='>'S52a(Djf:${*l. 2 fi mX 

£300nmtf>AgJI &x^y?m\z.xmikMf$.£ntc 0 n—<D^v=»m&m4£>£Tf 
mr.(D^v^>-m^m7i^mmmi(D^v^m^m4tm^y^cvD^x 

[0133] M±(D£5iz.^xmbfttz*mMMi2<D3&mmmytm&&mmmL,x^ mi 

<Dm^tmC^X^m±lW^m^tct^ Vocf>n. 905V,Jsc^lO. 07m 
A/cm\ FF&O. 745 x ^LTEff^l4. 29%Xhotc 0 
[0134] iitWm3) 

V^^<D^.^V>T, El25^$ttfcl^»Jl2(D^S^^o-CV^ 0 Z.<DKM 
M3(DmJj<&&&ffl7£\-,tcb^ Voc/OH. 910V,Jsc^9. 50mA/cm\ FF^O 
. 749, ^:LTEff^i3. 59%-Cfcofc 0 
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[0135] ±^<Dmmmi2titmm3t<Ditm^ 3mffimM%mm#mmfo&\,^xh, ^ 
[oi36] 3wmmm%mmm.mmL,x^ £bKfe#:&ffiK£zttmM4, mmmi3, & 

[0137] [^4] 





m-/m-?mmL 






mit) 


VOG 


Jsc 


FF 


Eff 








1.00 


1.00 


1.00 


1.00 






fey 


1.00 


1.06 


0. 99 


1.04 


mmm-\4 


<fey 


fey 


1.00 


1.06 


1.00 


1.05 



[0138] (Jt^J4) 

ttmm4<D3®.mmm%:'mmmmmfe, 3& s <D%nm&x-~iyY8\z.&rtz>mm 
26oit m.m3tmt£^x\ ^ c 

[0139] (3l«!ll3) 

^jfeMi3tc*3v>r^, m27{z^£tix\/^z>&5f£3mMmmytn&&mm&{¥M: 

ZfttCo ^<Dm27(Dmm\t. ^r.%nMWk^^yY5a(Dnmm*i^iS30nrn<Dn j m<' 

])=*^m&m53axw$&x.. fa^m=ftmmm*-^yb8<Dpmm$:m£30nm<Dp 
m^v^m&m8iaxm$$!:x.tiz.b<Dwz.te\,^x, itm&H&mmtmteox^^ 

[oho] ^4{^£*i,-tv^£5^ *mMMi3<D3mmmmytmm&mmfc&\,^xh, >- 

[0141] («^J14) 

^»Ji4lc*5VN-c«. EI28{^$^-Cv^j:5^3^SM3fem^^g^^i 
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^y^^m-^®33 a> ^i^^Snm^n^m^B^y^VSSSc^-ojIl^iaS^ 
fos 2J£ S ^5fem^^^h5aOnSS53i!b-Cif:$5nm<Dn§im^^>'y=3>'«5 
3b % J¥$50nm(DnMiyy=t^^Jg53a, *5j;T^/?:$5nm(DnM^^^y=i^S5 
3c^-(D|II^g$tvTV^^^feSo ft*5, nMv'y^^-a-SSSa^nMi/y^^ 
^®53a{i, ^»!ll0^^o{t§n^y3^^g4^[^C^#T±i^^c„ 
[0142] ^4^£;fxTV^J:5^ ^«Jl4(D3^S^«^^g^*5V^Tt> > */ 
y^^-^S^j;^^ ^StJ^^oT, it»!|4^it-<TJsc^ii^pbXEff^f6] 

[0143] mmmi5) 

9(D^r^— /^Otg^f*910mmX455mm-efe«9,^— =^^<toT^fiJ$tb 
fclOOO^m^m-fe/^^^gSl^jll^Ij^^^xV ^ 0 
[0144] Ofcigfc0!l5~7) 

#|7£LT, 032{^$^TV^i5{-ZnOtt 1 F^|*SlO5*Dj;^3O^^124 
[0146] [g|5] 
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Voc 


Isc 


FF 


Pmax 


Eff 








(V) 


(A) 


(W) 


(%> 


leases 15 


m 29 






132.3 


0. 536 


0. 712 


50.5 


13.2 


tttt« 5 


121 30 




£L 


132.9 


0. 420 


0. 729 


40.7 


10.6 




12 31 




ZnO 


108.3 


0. 506 


0. 524 


28. 7 


7.5 


tt&m 7 


H32 


fey 


ZnO 


136.5 


0. 464 


0. 694 


43.9 


11.5 



[0147] m5i>*t>t>i>>z£5iz:. *mRtomtttt^it&M5te)k^x^zno*mRtom 

Sr^tf Jfc«EW6t!l*5V vtte, VocirFF^^BtJUSTbT, (Pmax) 
S&*(Eff)3»*b<«^L-CV>5. ZnO<Dtp^K*fJ1105, g8»fltl23, *5 

ms\z.< h^xmmmm dsc) ^it #nLTPmax^3wip]_LL-cv ^„ 

ybM 104b^7XVCVD-e^LT^T*#SCDT > ^3>Kt^Ji 107i:^^3fe 

«^m^.-5/M04bo#ffi-e^:^|fe^s^c^v>(D-c % FF&fa±uzbm%.t>tiZ> 

o 

[0149] s^c, it^>i7^jt-<-c, mmmi5Xte$g3ftm&i24&^mx/*?—~i<'ym 

2 

xmt tttlrZftMffi 1 IH-f o^«9 , Z<DZklz£^Xh±m<D^xbbmffl&fflffi1rZ>Z. 
b&X%Z> 0 
[0150] (H»J16) 



WO 2005/011001 




PCT/JP2004/010115 



[oi5i] t^/nA^tt, sw^f^stRi±icsno &&&ftk+$mmnmMifi 

2 

nm v 300nm, 40nm<Djp:£x?7l^?Sc£tlfc o 
[0152] ^(DnMv-y=i^^S4(D||-gP5>^^#^*3V vC, #*ftt*Jt ttSiH /C 

4 

O a /PH/H= 1/3/0. 025/200, «agJ38&fcttl3. 56MHz, /*7— ^SJi 
120mW/cm\ ^LT^MgJ3l80 , C-Cfcofc 0 ^$tLfcn^>y=3^^JS4 
0>f£— IB#K:*3Vvt\ BI*«Stt42^%-e*>oT, ^S600nm<D5fe^B8-r^© 
Jff^«2. O-Cfcofco 

[0153] nM^y^>-1S^Jg4cDm-|flS^^*i»^X.T^m^<D*^^?rfTofc^. lit 

[0154] *tbd>b,^*smoi^K^^^fS(^#*)$Hfc«^zi^x^cv 

-^XVCVD^gT'^$tbfc^y=^^«4<D^-i:(5^|WICT^ofCo 
[0155] ai#*feVvT\ [^C^— ^XVCVD^B^^V^T, ^v-y^^^^^h 
5<7>pM^^^y=i^S51, /VK-^i^^^>y= 1 V3fe«^me52, nSfg 
^v-y^^Ssa^^tL^ttlSnm, 2. 5^ m> 15nm<Dff$-e^^$tl//Co ^<D^ 

[oi56] t^;nB©iis«», #^®^y=^m^m^-=5/h3d^M 
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[0157] ±^J;5W^/^lA^J;W^/viB(D3fem^^mtcPUT^l(D^^ 

[oi58] mmmi7) 

mmmi7iz^xi^ mmmiKmi^x, mioK^tix^^^^mmmm: 
zm-rzftmm&mm&ftmztitco tcteu mmmi7iz^^x^ ^^2a 

[0159] ^>y'^2A(Dytm^^mm(Di^m^±^i^>^iA<Dm^mi^^xm 

, *5j;^nM^y^vm'a-Jl40ff$^m-gB^^^tt^ i tbl5nm > 300nm, lOnm 

zi&f$,-tz>M{z^(Di/y=ii/M&m iat^xmmi±tm&fcmm\< 

V=i>-m33$:l&f$,-rzz.b<DWz&\,^x^ y-^-7/viAkW£oX\^ 0 i©J;5^ty 

^y= t ^32^y=3^^S4^(Dj?.B<D^MigfeT:^^x^, yszr;v\A(DW& 
lz&^xftm^&¥f&&£*)&iW-rz>^b&X%Z> 0 
[0160] ^^/V2B<D^S^^m^m^m«, nSv'y3yI^l40j?$W^^^- 

(D^9^cvumm^xmmm^mm^^xmm^±^izmm^tv5^ 
[0161] ±^(DXo^^^2Ab^^2B(D^m^^mm^m\^xmi<Dm^bm^ 

gtWxytm^&WVk&Wlfelstcbz.^ ^^;v2Bbimt\^tz.^zf;v2A<D%m 
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[0162] mMmi8) 

mMmis \z.m mmm lTi^n^v^^m^-m^mmm&tuMeoo 

[0163] [^6] 















0 


4.0 




0. 83 


lfc^*W B.01B 


0. 87 


19 


2.8 




0. 92 




0. 95 


25 


2.5 


*WJl-3A 


0. 97 


f>r 3B 


0. 97 


33 


2.2 


tfWMA 


0. 99 


*>7*JMB 


0. 99 


42 


2.0 


*>7* 2A 


1.01 


t>7' JV 28 


1.00 


51 


1.8 


?W*5A 


1.04 


W IV 5B 


1.03 



[0164] it6^£*u£. ^v^m&m4<Dmmmmm<fr^miftmm^<t?:ziz-Dtix 
s„ £fc, i/v^>m&m4<Dmmmi&te£miftmtimr,xhzm&i^ ±m.mm 

Btmm^±.<Dftnm&^mmhtix\^^ti£i?fr% 0 ^^m^m^^m. 
m^/wtdmxh^>(Dx\ mmmmz&zMm.m&£b*<Di&&mn%:mc<\\ u*: 
^ox, ^y^>m&m(DMmmm*m<xmiftm&'b£\^b\ ^bm^xm*: 
mxhytm&&w&~-<D&w&'pft<tez> 0 
[oi65] mmmi9) 

^M^m4(Dm^(Dm-^^x(Dmmm^m t mm^t>fitc^>'y/P(D^ 



WO 2005/011001 



45 



PCT/JP2004/010115 



[oi66] mn 





*>'Ja>:|££JIJgJI<nm) 
33a/33b 


(tBtttt) 


±fc^*>7* /!/ 02B 


(*&«Sifc L) 


1.00 




0/50 


0. 97 


W % 6A 


10/40 


1.00 


TjT H 7A 


20/30 


1.00 


W % 8A 


30/20 


1.02 


W H> 2A 


40/10 


1.01 




50/0 


0. 81 



[0167] m7lZ.^k£nx\,^£?iZ^ Jfcft^^/H)3AJj:*5V^rtt, :fcS«MW(te>V!J=ii' 
y=>«^S4©J¥$*SO,^^*)01O^43»t5nSvy3^^«4^SI»j($S 

m(Dbiy^m^m^^Bm^thtc(Dx\ itm^^02B^it-<x^tm^ 

[0168] fft^ f">-^6A, 7A, 8A*3 «£TJ*2AfcJ:, V *?tli>j&tem0%Wl&£Xm&X. 

nm^y^m&m<Dmis<o-&*Mm^xm,*%mm 
7/is02Bi£&^x&te<thm^±<Dftnm&®mmbhx\,^ o #ntyy 

iz.m^nm&%}mi>mt>tix^z> 0 ^<Dmmtvx^ ^mm^m^mr.^ 
^cvumm^mm^mA^x^m-r^mK^,m^(DMmmt^m<Dmnm^ 
n<>x^zmi^isy*>m&m4&£TfimnMmw<Dmmiteh*-- ^wscwk** 
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[0169] (^»!|20) 

[oi7o] y->-7;v$x\^ *&&m&ft?*w*x±\^ sno &3n$.frtirz>mmmmm2 

2 

15nm, 300nm % lOnm, 50nm<D&&XMf&£1nfc o 
[0171] rm^)^m.^mA<D^9^CV 1 D^m^\ ^SfciltteSiH /CO /P 

4 2 

H/H =1/5/0. 025/360, «lU^m«13. 56MHz, ^!7— ?g^^l50m 

w/cm 2 , ^^a^isor-efcofco &*s, ^tti:^— ^#^-c^f^smJb^j^ 

J?300nm(C^Lfcn^Vy3^1g^Jg{C*5V^, $c*600nmtf>3fc*;i|I|-r5jg#r 
mm. 83, -^^«*^Wfe(SIMS)lCj;i5^ftfcKEf»y^aifi«:6. 0X10 20 

cm -3 , mmmmn52m*%, ^vx7^m&^?bM£&tfzi¥&m&&mz 

^it (Ic/la) f*2. 5T*fcofc 0 
[0172] &VvC\ ^XVCVD^grt^*5V^T, ^^^y=r^«^^^h50pM^ 
^^^y^^«51, yvK-riM^^Kv-y^^3fe«^e52. *5j;tJ?nS^^^ 
y=t>-g53^^-€m5nm, 2. 5ju m. 15nmOff£-e7£/&£;ft,fc„ ^<£>^ 

mizxmiki&mtsntco 

[0173] ^>-y/HO-12*5j;t^itifei^V^05-07^, ZtlbK^-£tlZ>nW.i/})=i>m 

4 
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[0174] &8lZ.&\,*Xtt:. V>?M~l2&£Xfi&1&V>^M5~07lZ.&L,X* M^^H 
[0175] [&8] 





SiH 4 /C0 2 /PH 3 /H 2 




9>M 

(cm 3 ) 


(%) 


Ic/la 




tt*»W|r05 


1/5/0.01/360 


1.76 


2.4x10 20 


54 


0.9 


0. 81 


f>r*io 


1/5/0.012/360 


1. 79 


3. 1 x 10 20 


53 


1.5 


0. 95 


*>7>9 


1/5/0. 025/360 


1.83 


6.0x1O 20 


52 


2.5 


1.00 


*>7'JH1 


1/5/0.05/360 


1.86 


1. 1 x10 21 


52 


3.0 


0. 97 


*>7'JU2 


1/5/0.07/360 


1.88 


1.8X10 21 


51 


3.3 


0. 95 


it$£»WJl06 


1/5/0.08/360 


1.9 


2.0X10 21 


50 


3.6 


0. 91 


jt*s>7*07 


1/5/0. 1/360 


1.95 


2.5X10 21 


48 


4.0 


0. 89 



[0176] m8^<Ditm^y/>05x^tix\,^x^ isv^m&mm^mm^mi 
ni»ojg#T ms.&\ ^o^ic/ia^isv ^(oxm&m^o, mmm%M&&m 

&K£<>xi/v^>m&m<nmmi±&*:$<\i>}±Lx\,^ 0 u&»u jtsw-v^vwre 

-07^^{tSO;5(-PHO^lt^y>'aS^Kii# , tb{i,i/y= 3 ^^^(^s^ 

zmwiz£^xytmm&w&<D&T&m^x^z> 0 i^f^ox^nnrnxo. 95£t± 

f23X 10 20 -1. 8X 10 2i cm" 3 (Df5iartT*fc«9. ^o^lfeU^PH /SiH tfxm&it 

3 4 

{SO. 012-0. 07^^fflrt-e^ri:^^^^ o 

[0177] $^^M$nfc^>-^13-15^J;t51t^^/W08-09{i x ^tub^S; 
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4 

2 

[0178] ^9M:i3l^ ^^/V9, 13— 15*3^^15^9-^/^08— 09 ^MbT, MJ=>- 
[0179] [^9] 





J* 

SiH 4 /C0 2 /PH 3 /H 2 




■J>M 
(cm 3 ) 


(%) 


Ic/la 






1/2/0.025/360 


2.35 


1.2x10 21 


31 


4.3 


0. 92 


<fr7*JH3 


1/3/0.025/360 


2.0 


9. 1 x 10 20 


42 


3.8 


0. 95 


»>?'JH4 


1/4/0.025/360 


1.92 


7.9X10 20 


49 


3. 1 


0. 99 




1/5/0.025/360 


1.83 


6.0x10 20 


52 


2.5 


1.00 




1/6/0. 025/360 


1.76 


5.1X10 20 


56 


1.5 


0.95 




1/7/0. 025/360 


1.71 


4.3x10 20 


59 


0.7 


0. 82 



[0180] m9^(Ditm^-f^os\z.^\^^\^ ->v^m^-m<Dmmm^mm^j:< 

ia$m<xi/y^>mMim^mz&tz\<^<Dx^v^>M&m^ 
m%nm^mu<Dm.mm^m\\<D^mx%mmwmm\^<t^x\ vs. uta* 

[0181] ^1©^^ ^0J^<ttt^®M^3fe«^m^g*5j;tmSM^^« 
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m^mm 

[1] m®L (1) ±tC*3l ^T3tAI*ffiId^l|g^-#SSW (31 ; 51) , HKWttJIttiNIt 

ftw^s&ijua (32 ; 52) , texxfimmnrnm (33 ; 53) &^xmxm=*^vh (3 
; 5) <Dmmmm£tix&9, 

. W«r*3fc***a^yh (3) ^^L-CBEg^tbfc^^m^^-yh (5) 
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